Abstract: Development of antibiotic resistance among common respiratory pathogens is a major cause of concern worldwide. Streptococcus pneumoniae and Haemophilus influenzae are among the most common respiratory pathogens. In this study, representative samples obtained from 3 different medical centers in Dakar, Senegal were subjected to antibiotic susceptibility testing. The samples were collected from 2005 to 2008 and the data obtained was compared to establish resistance patterns between the two years (i.e. 2005-2006 to 2007-2008). S. pneumoniae exhibited a significant increase in the resistance to azithromycin and the intermediate susceptibility to penicillin G and cotrimoxazole. H. influenzae also exhibited a significant increase in resistance to azithromycin and intermediate susceptibility to chloramphenicol. None of H. influenzae samples were resistant to amoxicillin/clavulanic acid, cephalosporin and fluroquinolones and most of the S. pneumoniae isolates demonstrated high susceptibility to the antibiotics tested. Results from this study will provide greater insights to antibiotic therapy during respiratory tract infections in Dakar, Senegal. This study also establishes the importance of continuous monitoring of antibiotic susceptibility patterns that are often region-specific. 
Introduction
Respiratory tract infections (RTI) caused by Streptococcus pneumoniae along with Haemophilus influenzae are a leading cause of death despite antibiotic therapy. S. pneumoniae is a causative organism for severe RTIs including acute otitis media, acute bacterial exacerbations of chronic bronchitis and sinusitis, bacteremia, and community-acquired pneumonia. [1] [2] [3] [4] Including the above mentioned diseases, H. influenzae is also responsible for diseases such as childhood pneumonia and meningitis. There is increasing evidence of continuous evolution and geographical variation amongst these strains that is responsible for treatment complications.
2,5-7 A major concern is the development of anti-bacterial resistance, as result it is imperative to choose a treatment regimen that is region-specific based on the local susceptibility patterns of the bacteria.
It has been previously established that the incidence of penicillin-resistant pneumococci has increased significantly, worldwide. 8 The macrolide resistance in S. pneumoniae is mediated by two mechanisms; methylation of ribosomal macrolide target sites encoded by erm(B) gene and drug efflux encoded by the mef(A) gene. 9 The development of resistance can often lead to complications in the otherwise empirical treatment of S. pneumoniae infections. On the other hand, H. influenzae strains exhibit disparate mechanisms of resistance. The most common mechanism of resistance to ampicillin and amoxicillin is β-lactamase production. 10 The data obtained from different countries reveal significant geographical heterogeneity in the antibiotic resistance pattern. [11] [12] [13] [14] [15] [16] Hence, it is mandatory to determine resistance patterns that are region-specific rather than generalized. To date, none of the resistance studies focus on West Africa. In this retrospective study, we intend to report the antibacterial resistance pattern of S. 
Identification of bacterial isolates
S. pneumoniae was identified by presence of tiny, round, flat, and transparent colonies, with central depression (checker piece and nail head colonies), hemolysis of α-viridans, negative catalase and oxidase test, absence of bile-esculin hydrolysis, lysis by bile-salts, susceptibility to optochin and others biochemical characters (using API ® Strep BioMérieux, La Balme-les-Grottes, France).
H. influenzae was identified by presence of tiny, moist, and smooth gray colonies, absence of hemolysis, positive catalase and oxidase test, presence of growth factors X and V, satellite growth around streaks of Staphylococcus aureus, and others biochemical characters (using API NH ® galleria, BioMérieux, La Balme-les-Grottes, France).
antibiotic susceptibility testing
Antibiotic susceptibility of all isolates of the test pathogens was analysed using the standard agar disk diffusion method and the E-test. The bacterial suspensions were suitably diluted to attain a final concentration of 10 5 CFU/ml (an optical density of 0.5 on the McFarland scale). H. influenzae suspension was inoculated on Haemophilus test medium, and S. pneumoniae was inoculated on Mueller-Hinton supplemented with 5% sheep blood. Disks (diffusion method) or strips (E-test) containing selected antibiotics were then placed on the inoculated plates. These plates were then incubated at 37 °C in a CO 2 
β-lactamase tests and typing of Hamophilus influenzae isolates
The H. influenzae isolates were examined for production of β-lactamase using a nitrocefin-based test (Cefinase, Becton Dickinson Microbiology Systems, Cockeysville, MD).
A latex particle agglutination test (Slidex, Biomerieux) was used to type all Haemophilus influenzae isolates.
erythromycin and clindamycin double-disc diffusion test
The test was performed to identify the erythromycin resistant phenotype. On a blood agar plate, an erythromycin disk (15 µg) was placed 20 mm from the centre of a disc containing 10 µg of clindamycin. Blunting of the clindamycin inhibition zone proximal to the erythromycin disc indicated an inducible resistant phenotype, while susceptibility only to clindamycin with no blunting indicated the M-phenotype. Resistance to both erythromycin and clindamycin indicated constitutive resistance.
statistical analysis
The WHONET software was used to analyze the antibacterial susceptibility test results. 18 Comparisons of resistance development were made using the chi square test for frequencies (k proportions test). Significance was realised at P # 0.05 (95% confidence interval).
Results

Patient demographics
For both microorganisms, the most frequent sources of bacterial isolates were bronchoalveolar lavage and sputum for both the time periods 
S. pneumoniae
The resistance pattern of S. pneumoniae for each test antibacterial is given in Figure 1 . For both the time periods, S. pneumoniae exhibited high susceptibility towards most of the antibacterials. 
Discussion
The main aim of this study was to determine the trend of resistance of two common bacterial pathogens (S. pneumoniae and H. influenzae) responsible for development of RTIs in Dakar, Senegal from 2005 to 2008. Samples for this study were recovered from patients recruited at 3 different medical centres in Dakar. The majority of isolates were recovered from patients more than 15 years of age. Camara et al (Camara et al, 2003) , have shown that 35% of bacteria isolated from meningitis were H. influenzae type-b.
In this study, we have type the strains and found only 5 Hib among from children aged of 6-9 and one from children aged of 11 years. A total of 92% of isolated were non HIb. In Senegal Hib vaccine is included in the Expended Program for Immunization. This could explain the small number of Hib Isolates. Individual data collected and analyzed for each of the three locations in presented in Table 3 . Although information on previous antibiotic therapy could provide valuable information, since this is a retrospective study we were unable to obtain this information.
The most significant changes were observed in the resistance of S. pneumoniae to penicillin G. Rates of intermediate susceptible isolates increased from 7% in 2005 to 33.3% in 2008. These rates were lower than those previously reported by Benbachir et al; 8.6% of pneumococcal isolates were fully resistant and 53.1% had intermediate susceptibility to penicillin G. 19 The rate of complete resistance to penicillin G was 1% in 2007-2008 which is similar to a previous study reporting data from paediatric patients. 20 Benbachir et al observed that resistance to other antibiotics (erythromycin, chloramphenicol and trimethoprim/ sulfamethoxazole) is more frequent among pneumococcal isolates with reduced susceptibility to penicillin G as compared to the more susceptible isolates. 19 In this study, although sharp differences were observed between penicillin G susceptible and non-susceptible isolates they were not statistically significant. In particular, the rates of resistance to trimethoprim/ sulfamethoxazole and tetracycline were relatively high among penicillin G resistant isolates. On the other hand the rates of resistance to amoxicillin/ clavulanic acid, cefuroxime, cefaclor, azithromycin, and ofloxacin were almost negligible. These rates of resistance are in accordance with findings from a study conducted in the paediatric department of Fann hospital in Dakar on meningitis, 20 as well as other studies conducted in other countries in Africa. [21] [22] [23] [24] [25] [26] [27] In our study, we observed that β-lactamase production was the primary mechanism of ampicillin resistance for H. influenzae; all isolates that were resistant to ampicillin produced β-lactamase. The same results were observed in a previous study conducted in other parts of the world. 10 Among other antibiotics tested the resistance to azithromycin decreased significantly between the two years whereas the decrease in resistance to chloramphenicol and tetracycline was insignificant.
In conclusion, the results from this study indicate that a significant increase of resistance of S. pneumoniae isolates to penicillin G. Resistance of H. influenzae remain relatively high; β-lactamase production was the primary reason for these high rates of resistance of H. influenzae associated with ampicillin. All bacteria remain susceptible to cephalosporins, fluoroquinolones, and macrolides. The results from this study re-emphasize the need for continuous epidemiological monitoring of antibiotic resistance.
Selecting an appropriate treatment regimen can often be a challenging task owing to rapid changes in resistance patterns. Thus the appropriate use of antibiotics should be guided by current trends in antibiotic resistance. The data reported thus far is intended to achieve this objective in Dakar. However, these trends should not be extrapolated to other regions of Senegal as it has been previously reported that resistance patterns exhibit significant geographic heterogeneity. Also, additional surveillance data is necessary from paediatric samples to report differences in the resistance pattern between adults and children, if any.
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